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The NCGC BioPlanet

o Hosts the universe of pathways

o All pathway annotations from manually curated,
public sources

o Integrates pathways from different data sources

o Annotates pathways by source, species, biological
function/process, disease/toxicity relevance,
assay availability

o Easy visualization, browsing, analysis of pathways

o Facilitates pathway assay selection/prioritization

for Tox21 production phase
/\ o Will be publicly available
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The Universe of Pathways

I T NOGE BioPlanet
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Pathways with available assays - PubChem

B The NCGC BioPlanet
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Information
hsal)3440: Homologous recombination =
Gene ID Ciene Symbol Gene Description
3880 RADSIC RADSIL2 MGC104277 RADS1 homolog C (8. cerevisiae)
5425 POLD2 polymeraze (DNA directed), delta 2, regulatory subunit 50kDa
6119 REPAS RPAS replication protein A3, 14kDa
6742 5025-B1 S5BP1 S5BP single-stranded DNA hinding protein 1
15788 FS3BP RDH54 RADS4E RAD34 homolog B (3. cerevisiag)
20035 MGC120334 HSU24186 MGC120333 RPA4 replication protein 24, 34kDa
7516 HRCC2 DEFZp781P0919 X-ray repair complementing defective repair in Chinese hamster cells 2
5888 HsT16930 HRAD51 RADS 1A HeRad51 BRCCS RECA RADS1 RaD31 homolog (Reca homolog, E. coli) (5. cerevisiag) =
5424 CDCZ POLD1 FPOLD polymerase (DNA directed), delta 1, catalytic subunit 125kDa
4361 HNGS1 MRELIB ATLD MRE114A MREIL MRE11 meiotic recomnbination 11 hormolog A (8. cerevisiag)
675 GLM3 BRCC2 BROVCAZ FANCD1 FANCD FAD1 BRCA2 FAD FANCE FACD breast cancer 2, early onset
4683 FLJ10155 NBN MGCE87362 NBS1 NBE ATV AT-V2 P95 AT-V1 nibrin
7156 TOP3 TOP3A topoisomeraze (DMNA) 11T alpha
7517 HRCCT X-ray repair complementing defective repair in Chinese hamster cells 3
146956 FLJ31364 EMEL MIVIS4L essential meiotic endonuclease 1 homolog 1 (5. porhe)
10111 hRad50 NBSLD RADS0-2 RADSD RADS0 homolog (3. cerevisiae)
641 EECQL3 MGC131618 BS BLM RECQ2 MGC131620 MGC126616 RECQL2 Bloom syndrome, RecQ helicase-like
10714 POLD3 P66 PoB MGC119643 KIAAND30 MGC119642 polymeraze (DMA-directed), delta 3, accessory subunit
5893 RAD52 RAD52 homolog (5. cerevisiag) H
6113 RPA2 RPA32 REPAZ replication protein A2, 32kDa
8540 FLI30376 TOP3B topoisomerase (DMA) 11T beta
8438 hRADS54 RADS4A HR54 hHR.54 RADS4L RADS4-like (8. cerevisia)
80198 FLJ21012 MUSEL FLI44872 MUSE! endonuclease homolog (3. cerevisiag) =]
) pathways found.
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Pathways with available assays — Tox21, ToxCast, NCGC
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B The NCGC BioPlanet

Pathways with available assays — Tox21, ToxCast, NCGC

Category

Gene/Pathway | ¥
Find

<[ T

0 pathways found.
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Find Gene HNFKE

Information
WR560: TGF Beta Signaling Pathway =
Gene
D Gene Symbal Gene Description
23090  ZFP423 KIAADTAD Ebfaz Zfp104 MGC138520 OAZ MGC138522 Roaz ZNF423 zinc finger protein 423
3694 ITGBG integrin, beta § L
4052 LTBP1 MGCI163161 latent transforming growth factor beta binding protein 1
5595 HS44KEDAP ERK1 PA4MAPK HUMKER 1A PA4ERK] MAPKS MGC20180 PREN3 mitogen-activated protein kinase 3
4092 FLJ16482 MADHS SMAD7 MADH? CRCS3 SMAD farnily memher 7
6774 FLI20882 HIES MGC16083 APRF STAT3 signal transducer and activator of transcription 3 (acute-phase

response factor)

B4 AML2 FLT34510 MGC 16070 PERP2aC CBFA3 RUN3 tunt-related transcription factor 3 Il
3725 JUN c-Jun AP1 AP-1 jun oncogene
4089 JIP EMAD4 MADH4 DPC4 SMAD family member 4

INF-kappaB NFKB-p50 KBF 1 DKFZp686C01211 NF -kappa-B p50 EBP-1 MGC54151

a0 EKE pl08 pi0s nuclear factor of kappa light polypeptide gene enhancer in B-cefls 1
0241 NOG SYMI SYNEL noggin
7030 RCCP2 TFE3 TFEA bHLHe33 transeription factor binding to IGHM enhancer 3
8928 FOXHI FAST-1 FAST1 forkhead box HI
7048 NFS2 TAAD2 TGFheta-RII TGFBR2 AAT3 TGFR-2 LDE2B FAAIRIIC LDSIR transforming growth factor, heta receptor [T (70/80kDa)
s6n1 p54aBAPK p5da INKIBETA JNK-55 INK 2B PREIMO INK2ALPHA TNE 24 THNE2 MAPKO titogen-activated protein kinase 0
BAPK
7046 ACVRLEK4 TGFBRI AATS LDS14A LDE2A TGFR-1 SKR4 ALKS ALK-5 transforming growth factor, heta receptor 1
4083 ggl;:::ﬁz}gipﬁsﬁlwlsﬁ HEPC193 JV15-2 SMAD3 MGCA0396 NADHS SMIAD farmify rercher 3
4087 hSMAD2 hMAD-2 MADR2 JV18-1 MGC22130 TV18 SMAD2 MADH2 MGC34440 SMAD farmily member 2
0372 MADHIP NSP ZF YVED SARA SMADIP zine finger, FYVE domain containing 2 =
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Disease pathways

B The NCGC BioPlanet

Category [] PubChem

GeneKeyword

Find

o

Find Gene ‘ ‘IRDN

Informyation

8471
3098
2475
5599
7124
5295
31
T
3630
8835
23533

hsa04030; Type 1T diabetes mellitus

Gene Symbol

PREDML0 MGC0074 JNK3A FLI33785 MAPKIN FLI12090 p34bSAPE JNE3 p403F12
PIK3CE PI3KBETA DEFZp770K1237 PIKIC] PIZK PLIOBETA MGC133043
SLC2A4 GLUTY

THDM2 ABC36 SUR HI MRP8 HRINS SURL HHF 1 PHHI ABCCE

PB5B p85 pBS-BETA PIKIR2

nPEC-epsilon PRECE MGC125656 PKCE MGC 125657

P110DELTA PIK3CD pl10D PIZK

MAPEZ MAPK] pd1mapk FRE2 p38 ERK P42MAPK p40 pd1 PREM2 FREII ERT1
Cavl.3 CACM4 CACHS CACMNL1AZ CCHL1A2 CACMNAID

IR54 IR5-4 PY160

HKI HE1 H¥K1 HE1-th HK1-ta HE1-tc

FLJ44809 FRAP2 FRAP1 RAPT1 FRAP MTOR RAFT1

JNE PREMS JNE1A2 TNK 1 JNK21B1/2 MAPES SAPKL

THFA THF TNFSF2 DIF THF -alpha

p&5-aLPHA GREL p85 PIKGRI1

HXH3 HIC3 HEIIL

CACNL1AG CACNALE CACHE Cav2. 3 BIL

IRDH INS ILFR.

S0CS-2 Cish2 CIZZ 30C32 3512 STATIZ 351-2

FOAP-2 p101 PIK3RS F730038115Rik P101-PI3K

380692 hiafs RIPE3h] MAFA

Gene Description

mitogen-activated protein kinase 10
phosphoinositide-3-kinase, catalytic, beta polypeptide

solute carrier family 2 (facilitated glucose transporter), member 4
ATP-binding cassette, sub-farnily C {CFTR/MRF), member 8
phosphoinositide-3-kinase, regulatory subunit 2 (heta)

protein kinase C, epsilon

phosphoinositide-3-kinase, catalytic, delta polypeptide
mitogen-activated protein kinase 1

calcium channel, woltage-dependent, L type, alpha 1D subunit
ingulin receptor substrate 4

hexokinase 1

mechanistic target of raparnycin (serinefthreonine kinase)
mitogen-activated protein kinase §

tumor necrosis factor (THF superfamily, member 2)
phosphoinositide-3-kinase, regulatory subunit 1 (alpha)
hexokinase 3 (white cell)

calcivm channel, woltage-dependent, K type, alpha 1E subunit
insulin

suppressor of cytokine signaling 2
phosphoinositide-3-kinase, regulatory subunit 5

v-rraf musculoaponeurotic fibrosarcoma oncogene homolog A
(avian)

b Neul



Tox)]

Disease pathways covered by PubChem assays

I T NCGE BioiLanet

Towdcity v Disease # PubCheem
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e Keygwron

Infnemstion
RATD nuclear réceptor coactivator 4
5605 MEX2 MAPZE2 MAP 2 2 FLI26075 nmiogen-actvaled proten kaase
HEA4KDAP ERKI PA4MAPE HUMEER LA P44ERK] MAPKS MGC20180 FREM3 e gen-ackivated protein kirage I
MAPH2 MAPE| p4 Imapk ER M IMAPE pd0 p41 PREM2 PREMI ERTI a4 proten kanase |
P140-Trkeh HTRK] DEF 2781114186 TRE t ie kariase, recept
MGC1231 DAUDIG RXRE RCoR-1 H-IRIIBP MRID1 retioid X receplor, beia
M1 MRICI PPA 1 BRAR e FRAR percozame prolifee ]
THPS3 FLI92941 ps3 TPSI LFS] tumor proten ps3
M T netrsblasica RAS virs srcogeme hamalog
™
TM30kar
TCF1ALFHA DEF ZpS8dls phnid enhant er-binding factor |
FXRC RXRG NRIBI eorplor, g
Feeer ;:.an::: Harvey rat sarcoms wiral oncogene
eyelin D1
translocated promoter regon (b 2T
oncogeme)
2 MENIA MTC1 PTC HSCRI e prelo-oncogens

13 pathsys fosnd.

1081, 86%

Not in PubChem

® morbid
No disease genes
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Toxicity Pathways

B The NCGC BioPlanet

Category Toxicity \ [] Disease [] PubChem

—

GeneKeyword

Find

o

Find Gene ‘ ‘H\HA

Information
200110: hiflapathway
Gene
D Gene Symbol Gene Description
375056 MIA3 TANGO! KIAAO268 FLI21469 TANGO UNQS077 FLI39207 ARNT melanoma intibitory activity farly, mermber 3
10399 RACKI PIG2I HIZ.3 Gnb2rs] GNBILL HLC7 B nncleotide binding protein (G proteiny, beta polypeptide
7157 TRPS3 FLI92943 p53 TPS3 LFS1 turnor protein p53
8260 DXS707 NAALD MGCTL48 ARD] TE2 ARDIA IN(alph)-acetylivans ferase 10, Nt catalytic suburit

hyposxia inducible factor 1, alpha subunit (hasic helix-loop-helix

3001 bHLHe78 PASDE HIF 1A MOF1 HIF - lalpha HIF 1-ALPHA HIF |
transcription factor)

MLM pl19arf CMIVI2 ARF INE4 CDE4I pl6INK4 MT51 CDEN2 plalNE4a pl4ARF TP146

1029 p16 CDKINZA [Mida p14 p18 cyclin-dependent kinase inhibitor 2A (melanoma, plf, inhibits CDE4)
373 RIMF46 ARD1 TRIM23 ARFDI tripartite motif-confaining 23

09078 NMGC1481 BAS34C12.1 ROC1 RNF75 MGC13357 RBX1 ting-hox 1

3320 g;};ggﬂngsgs?g.; I;z};?jDIAS;PZLBIBM HSPCA HEFM HEPP0A HEPCAL4 HSPBA HEPCALL heat shock pratein 90KDa alpha (sytosolic), chss A member 1
64663 CTpll SPANX-C CT11.3 SPANKC SPANK family, member C

8453 CULZ MGC131970 cullin 2

10956  O35-9 ERLECZ 059 ostensarcoma amplified 9, endoplasmic reticulum lectin

405 HIF 1B HIF IBETA bHLHeZ TANGO HIF-1heta ARNT aryl hydrocarbon receptor nuclear translocator

846 HHC1 CASR EIGE FHH MGC138441 FIH PCAR] HHC CAR NSHPT GPRC2A calcium-sensing receptor

7428 RCA1HRCAl VHL VHLI won Hippel-Lindau tumor suppressor

10987 COPSS SGINS MGT3149 MOV-34 CSN5 JAB1 (Cg; ;D”p“:ﬁ;“m’e photomorphogenic homolog subunt 3
64344 PASD7 IPAS HIF-34 HIF3A HIF-342 bHLHe17 MOPT HIF-344 hyposia inducible factor 3, alpha subunit

57 pathways found.
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Pathways involving P53

B The NCGC BioPlanet
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GeneKeywol

Find
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Find Gene HTP53

Informyation

hsal4115: p53 signaling pathway

1647

651610

896
0134
4194
83667
L1200
64065
581
7161
56475
85417
545
575
017
317
3486
4193
6477
9540
083

Gene Symbaol
DDITI GADDA45 GADDASA
LOCE51610

CCND3

CCMEZ CYCE2

HOMX DKF Zp7#1B1423 MGC1 32766 MDMY MDMd MEP1
DKFZp761M02121 DEFZp761M0212 SES2 SESN2 HIOS SEST2
FP1425 CHK2 HuCds] CHEK2 LFS2 CDS1 RADS3

FIGPC dJ406H10. 1 KCP1 THW PERP KRTCAPL RP3-406H10. 1
BAX BCLILA

P73 TP73

RPRM REPRIMO FLI90327

CCHB3

ATR SCKL1 MEC1 SCKL FRP1

BAI1 GDAIF FLJ41988

p3HCDK2) CDK2

CED4 APAF-1 APAF1 DKFZp781B1145

IBP3 BP-53 IGFEP3

MGE5370 HDMX hdm2 MDM2 MGC71221

SIAHIA SIAHI FLIOB06S

TP3313 PIG3

DKFZp686L20222 P34CDC2 CDK1 MGC111195 CDC2 CDCI8A

Gene Description

growth arrest and DNA-damage-inducible, alpha

sirndlar to Serine-protein kinase ATM (Ataxia telangiectasia mutated)
(4-T, mutated)

cyclin D3

cyclin E2

Idm4 p53 binding protein homolog (mouse)
sestrin 2

CHE2 checkpoint homalog (3. pombe)
PERF, TP53 apoptosis effector
BCLZ-associated X protein

turmnor protein p73

reprimo, TPS3 dependent G2 arrest mediator candidate
cyclin B3

atasia telangiectasia and Rad3 related
brain-specific angingenesis inhibitor 1
cyclin-dependent kinase 2

apoptotic peptidase activating factor 1
ingulin-like growth factor binding protein 3
Mdm?2 p53 binding protein homolog (mouse)
seven in absentia homolog 1 (Drosophila)
tumnor protein p33 inducible protein 3
cyclin-dependent kinase 1

~ - <



Pathways involving both P53 and HIF1A

B The NCGC BioPlanet

V| [] Toxicity [ ] Disease [] PubChem

® And !

MD

Zor

Find Gene ‘ ‘H\HA

Informyation

2274
472
1026
171221
207

3303

S8l

3000
4193
3486

4793

7157
1647
5243

3091

3310

7319

100084: hyposxia and p53 in the cardiovascular system

Gene Symbol

AAGLL DRAL FHL2 SLIM3

ATDC TELOL ATC ATD ATE AT TELL ATA MGCT4674 DEF Zp781A0353 ATM
P21 p2ICIF] SDI1 CDENIA MDA-§ CAP20 WAF] CIPI CDENI

psiHEP40 DHAJBIP HEP40

AKT1 PEB-ALFHA PEB AKT RAC-ALPHA PREBA RAC MGCR0656

FLJ54370 HEP70-14 HEP72 FLIS4408 FLJ54392 HEP70-1 FLI75127 HEPAL HEPALA
HEPAILB FLI34303 H3F701

DAX BCLILA

ZBTB2D hic-1 HIC1

MGC55370 HDMXK helm2 MDIM2 MGCT1221
IBF3 BP-53 IGFBP3

NFEBRIB TRIPY IKER

TRPS3 FLI02043 p53 TP53 LF31
DDIT1 GADD45 GADD45A
CLCS P-GF CD243 GP170 ABCZ0 MDR1 ABCB1 MGC163206 PGY1

bHLHe?8 PASDE HIF 14 MOF 1 HIF - lalpha HIF 1-ALPHA HIF 1

Hepf0 HEPEDA HEFOOAAL FLIS1884 HEPCA HEFN HEPO0A HEPCALA HEPE6 HEPCALL
HEPOON HepB9 HEPC1 LAPZ

HHR6A RADGA UBE2A UBC2

Gene Description

four and a half LIM domains 2

ataxia telangiectasia mutated

cyclin-dependent kinase inhibitor 14 (p21, Cipl)

Dnal (Hsp40) homolog, subfamity B, member 1 psendogene
v-akt murine thymoma viral oncogene homolog 1

heat shocl 70kDa protein 14

BCL2-associated X protein

hypermethylated in cancer 1

Mdm2 p53 binding protein homolog (mouse)
insulin-lite growth factor binding protein 3

nuclear factor of kappa light polypeptide gene enhancer in B-cells
inhibitor, beta

tumor protein p53

growth arrest and DINA-damage-inducible, alpha

ATP-hinding cassette, sub-family B (MDR/TAF), member |
hypoxia inducible factor 1, alpha subunit (hasic helis-loop-helix
transcription factor)

heat shock protein 00kDa alpha (cytosolic), class A mermber 1

ubiguitin-conjugating enzyme E2A (RADS homolog)

13 pathways found.
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B The NCGC BioPlanet
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229 pathways found.

Pathways containing diabetes genes

[]Toxicity [ ]Disease [] PubChem

) And !

® or

-

Find Gene ‘ ‘lnsulm

Informyation

8471
3098
2475
5599
7124
5295
31
T
3630
8835
23533

hsa04030; Type 1T diabetes mellitus

Gene Symbol

PREDML0 MGC0074 JNK3A FLI33785 MAPKIN FLI12090 p34bSAPE JNE3 p403F12
PIK3CE PI3KBETA DEFZp770K1237 PIKIC] PIZK PLIOBETA MGC133043
SLC2A4 GLUTY

THDM2 ABC36 SUR HI MRP8 HRINS SURL HHF 1 PHHI ABCCE

PB5B p85 pBS-BETA PIKIR2

nPEC-epsilon PRECE MGC125656 PKCE MGC 125657

P110DELTA PIK3CD pl10D PIZK

MAPEZ MAPK] pd1mapk FRE2 p38 ERK P42MAPK p40 pd1 PREM2 FREII ERT1
Cavl.3 CACM4 CACHS CACMNL1AZ CCHL1A2 CACMNAID

IR54 IR5-4 PY160

HKI HE1 H¥K1 HE1-th HK1-ta HE1-tc

FLJ44809 FRAP2 FRAP1 RAPT1 FRAP MTOR RAFT1

JNE PREMS JNE1A2 TNK 1 JNK21B1/2 MAPES SAPKL

THFA THF TNFSF2 DIF THF -alpha

p&5-aLPHA GREL p85 PIKGRI1

HXH3 HIC3 HEIIL

CACNL1AG CACNALE CACHE Cav2. 3 BIL

IRDH INS ILFR.

S0CS-2 Cish2 CIZZ 30C32 3512 STATIZ 351-2

FOAP-2 p101 PIK3RS F730038115Rik P101-PI3K

380692 hiafs RIPE3h] MAFA

Gene Description

mitogen-activated protein kinase 10
phosphoinositide-3-kinase, catalytic, beta polypeptide

solute carrier family 2 (facilitated glucose transporter), member 4
ATP-binding cassette, sub-farnily C {CFTR/MRF), member 8
phosphoinositide-3-kinase, regulatory subunit 2 (heta)

protein kinase C, epsilon

phosphoinositide-3-kinase, catalytic, delta polypeptide
mitogen-activated protein kinase 1

calcium channel, woltage-dependent, L type, alpha 1D subunit
ingulin receptor substrate 4

hexokinase 1

mechanistic target of raparnycin (serinefthreonine kinase)
mitogen-activated protein kinase §

tumor necrosis factor (THF superfamily, member 2)
phosphoinositide-3-kinase, regulatory subunit 1 (alpha)
hexokinase 3 (white cell)

calcivm channel, woltage-dependent, K type, alpha 1E subunit
insulin

suppressor of cytokine signaling 2
phosphoinositide-3-kinase, regulatory subunit 5

v-rraf musculoaponeurotic fibrosarcoma oncogene homolog A
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Pathways containing obesity genes

B The NCGC BioPlanet

| - | []Toxicity [ ]Disease [] PubChem

) And !

0

® or

Find Gene ‘ ‘lnsulm

Informyation

100004: visceral fat deposits and the metabolic syndrome

Gene [D Gene Symbol

2908 GRL GR GCCR MR3C1 GCR

7114 THF&A THF THFSF2 DIF THF -alpha

56729 RETH ADSF RETN MGC126609 RETNI FIZZS MGC 126603 XCP1
5468 GLI1 NR1C3 PPARG PPARGZ PPARgamma PPARG] CIMT1

6256 FLI16733 FLIO0280 MGC102720 FLI16020 R¥RA NR2B1 FLIOO318
4023 LPL HDLCQ11 LIPD

0370 GBP28 adiponectin ACDC ADIPQTL] ADPN APM-1 ACRP30 ADIPOQ APMIL
3290 MGCI3539 HDL 11-DHHSD1LB 11-beta-HSD1 HSD 11 HED11BL HED1IL SDR26C1 hydroxysteroid (11-beta) dehydrogenase 1

Gene Description

nuclear receptor subfamily 3, group C, member 1 (glucocorticoid receptor)
tumor necrosis factor (TNF superfamily, member )

resistin

peroxisome proliferator-activated receptor garnma

retinoid X receptor, alpha

lipoprotein lipase

adiponectin, €10 and collagen domain confaining

Tox ]
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Applications

o Pathway prioritization for Tox21

Toxicity pathways
Disease pathways

Assay availability
o PubChem

o Commercial assays
o Develop new assays for pathways with no coverage

o Future developments
Link compound activity data

Incorporate other data forms: sequence data,
gene/protein expression data, etc.?

Other species: rat, mouse, etc.

Organize assays according to
pathways/diseases/toxicity endpoints
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